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EMI SHIELD FOR MOLDED PACKAGES In some wireless systems on printed circuit boards ( PCBs ) 
that are not encapsulated , metal shields ( or cans ) are some 

CROSS REFERENCE TO RELATED times placed around the wireless component ( s ) to shield 
APPLICATION other components on the PCB from the RF signals . This 

5 radio frequency emission shielding can help prevent electro 
This application is a Continuation of U.S. patent appli- magnetic interference ( EMI ) with other components of the 

cation Ser . No. 16 / 041,357 filed on Jul . 20 , 2018 , which system . However , the metal shields ( or cans ) placed on the 
claims the benefit of U.S. Provisional Patent Application No. PCB would make it difficult to allow a molding compound 
62 / 535,699 filed on Jul . 21 , 2017 , the disclosure of which is to fill the gap between the metal EMI can and wireless 
incorporated herein by reference in its entirety . components , and in particular , to do so without any voids 

air gaps while sufficiently shielding of components of the 
TECHNICAL FIELD system . 

Accordingly , there remains a need for effective ways of 
Aspects of the present disclosure relate to the RF shield- providing RF shielding for components in a molded package 

ing of components in a molded package from Electro- 15 from EMI . 
Magnetic Interference ( EMI ) . 

SUMMARY 
BACKGROUND 

A metallic EMI shielding structure according to one or 
System in Package ( SIP ) technology allows the integra- 20 more embodiments may be used inside an electronic system 

tion into one package of the multiple die , devices and or subsystem in a molded package ; the system may be a 
components needed to make up a system . As more diverse single chip or multichip package or a sub - system , or a 
technologies are used to manufacture die , SIPs are becoming System - in - Package ( SIP ) device . 
useful for including and integrating all these various dies In addition to encapsulated packages , disclosed shield 
into a system or subsystem . These systems often have a need 25 structures may also be used in packages that are not encap 
to communicate with other systems or networks and are sulated but include cables or wires that are to be routed 
including components that transmit and receive radio fre- inside the shield structure from an outside source of radia 
quency ( RF ) signals ( so - called “ wireless components ” ) . tion . In some embodiments , access for the molding com 

In SIP molded packages , different types of devices and pound or cables is enabled by creating baffle - like features on 
components may be assembled on a substrate prior to 30 the sides and / or the top of the EMI structure . In some 
encapsulation . These devices and components may be pas- embodiments , the baffle - like features can be created by 
sive devices such as capacitors , inductors and resistors , and cutting the metal that forms the EMI shield , but without 
bare die or pre - packaged IC devices such as DRAM , CPU removal of material . For instance , the portions may 
or other ICs . Typically , a molded SIP is encapsulated as part remain attached to the structure and pushed away from the 
of the final packaging process . The encapsulating material , 35 remaining side portion to allow an opening in the side and / or 
often referred to as a molding compound , can be a thermo- top while still providing metal portions for shielding radia 
setting plastic material with fillers , such as silica , in it . In this tion which may be orthogonal , or nearly orthogonal , to the 
case , when the molding compound is heated to a certain metal structure surface . 
temperature , the molding compound melts and attains a very In some embodiments , an EMI shield , such as a metallic 
low viscosity for a short period of time , and then it gels and 40 shield , may be created without making any openings in the 
hardens . It is important that while it is in liquid form it sides of the shield structure , by forming the sides of the 
completely fill the package mold cavity . In the case of a SIP , structure in a special shape , such as a spiral or other 
the liquid form should not only fill the mold cavity but also labyrinth - like shape , to prevent EMI from escaping or 
fill around and below the components that have been pre- entering , while still allowing encapsulant to enter the struc 
viously mounted on a SIP substrate . In general , all the 45 ture . 
passives and IC packages may be mounted on a SIP sub- In some embodiments , additional mechanisms for reduc 
strate such that each of these devices and components have ing EMI are provided using signal routing in a multi - layer 
sufficient clearance above the SIP substrate for encapsulat- substrate . This may include , for instance , particular routing 
ing material ( hereinafter “ encapsulant ” ) to flow between the of signal from an RF device to an RF output of a packaged 
bottom of the device / component and the substrate . This 50 device , or a device that is not packaged . 
allows the encapsulant or molding compound to flow under- In some embodiments , a radio frequency ( RF ) radiation 
neath the device / component and all around it to form a void shield , may comprise a plurality of walls formed of an RF 
free SIP package . Otherwise , the resulting SIP molded radiation blocking material , wherein at least one of said 
package may contain voids and air gaps , which may cause plurality of walls includes a baffle feature comprising an 
several problems , such as condensation of moisture and 55 opening and a flap , and wherein said opening is arranged to 
related degradation of a package , popping of the package allow liquid molding material to flow into said shield , and 
during surface mount , cracking , corrosion and current leak- wherein said flap is arranged to substantially prevent RF 
age resulting from corrosion . Depending on the chosen electro - magnetic radiation from at least one of entering and 
encapsulant , voids may accumulate moisture which will exiting said shield . 
create unwanted electrical paths , thereby reducing the 60 Regulatory bodies and agencies , like the Federal Com 
expected life of a system . In system applications which are munications Commission ( FCC ) , have regulations for con 
exposed to high pressure or vacuum environments , voids trolling EMI emissions and device radiation . These regula 
may further create a pressure stabilization problem for the tions are in place to prevent unwanted sources of radiation 
system . from affecting the proper operation or function of a circuit , 

The inclusion of components generating a radio frequency 65 components of a system , or signals within a circuit or 
( RF ) signal ( e.g. , a wireless communications component ) in system . That is , these regulations set forth guidelines to 
a SIP can present a challenge for the encapsulation process . substantially prevent such unwanted radiations from impact 

a 

a 

a 
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ing the normal operation of such circuits , components of a said container and fully encapsulate said RF generating 
system , or signals within a circuit or system by sufficiently component located in the center of said labyrinth when said 
reducing the radiation from such an unwanted radiation device is being encapsulated . And may include openings on 
source to a point where it no longer affects the proper one side while fully covering said RF generating component 
operation and / or function of a potentially affected circuit , 5 and allowing an interconnection with other components on 
components of a system , or signals within a circuit or said substrate , wherein said opening is partially blocked by 
system . As such , substantially preventing radiation from a baffle member spaced from and associated with said 
entering or exiting an element may be understood to entail container . 
sufficiently attenuating such radiation as to ensure proper In some embodiments , an RF shield is provided for 
operation and / or function in the appropriate device or sys- 10 protecting an RF sensitive component mounted on a sub 
tem , for instance , in accordance with regulatory guidelines . strate for a device , where said device is to be encapsulated 

In some embodiments , a shield may comprise a plurality as part of its packaging , and includes a metallic container 
of walls formed of a metallic material , wherein at least one mounted over said RF sensitive component and has open 
of said plurality of walls includes a baffle feature . Some ings on the top and sides to allow liquid encapsulant to flow 
embodiments include a shield having a plurality of walls 15 into said container and fully encapsulate said RF sensitive 
formed of an RF radiation blocking material , wherein at component when said device is being encapsulated , wherein 
least one of said plurality of walls includes means for said openings allow encapsulant to enter and fill up the 
allowing liquid molding material to flow into said shield and container while substantially preventing electro - magnetic 
for substantially preventing electro - magnetic radiation from radiation from entering said container . 
at least one of entering and exiting said shield . In some embodiments , a packaged integrated circuit 

In some embodiments , a radio frequency ( RF ) radiation device encapsulated using liquid encapsulant during pack 
shield is provided having at least one wall formed of an RF aging is provided . The device may comprise a substrate ; and 
radiation blocking material , wherein a first portion of said an electromagnetic radiation blocking element mounted 
wall overlaps a second portion of said was such that liquid over a radiation - generating component on the substrate . In 
molding material can flow into said shield , and wherein said 25 certain aspects , the radiation blocking element comprises an 
wall is arranged to substantially prevent electro - magnetic opening on the top of the element and at least one side 
radiation from at least one of entering and exiting said opening , and the radiation blocking element is filled with 
shield , and wherein said wall may be arranged in a spiral encapsulant . 
shape . According to some embodiments , a method for encapsu 

In other embodiments , an RF shield is provided for an RF 30 lating an integrated circuit device using liquid encapsulant 
generating component mounted on a substrate for an inte- during packaging is provided . The method may comprise 
grated circuit device , where said device is to be encapsulated mounting an electromagnetic radiation blocking element 
as part of its packaging , having a metallic container mounted diation - generating component on a substrate for the 
over said RF generating component and having openings on integrated circuit device , wherein said radiation blocking 
the top and at least one side to allow liquid encapsulant to 35 element comprises an opening on the top of the element and 
flow into said container and fully encapsulate said RF at least one side opening . The method may further comprise 
generating component when said device is being encapsu- encapsulating the integrated circuit with liquid encapsulant , 
lated , wherein said openings allow encapsulant to enter and wherein the encapsulating comprises filling the radiation 
fill up said container while substantially reducing electro- blocking element with the encapsulant . In certain aspects , at 
magnetic radiation from said RF generating component from 40 least one of the openings comprises a baffle feature . 
leaving said container . In some embodiments , there is at In some embodiments , a method for protecting compo 
least one additional opening for operatively connecting said nents mounted on a multilayer substrate of an integrated 
RF generating component to other components on said circuit from electromagnetic interference ( EMI ) from an RF 
substrate . generating component mounted on said substrate , are pro 

In certain aspects , the integrated circuit device may be a 45 vided by creating an RF signal path from said RF generating 
SIP . Further , each opening may have a flap associated with component that passes through said multiple layers of said 
it located inside or outside of said container that substan- substrate to an external RF output for said integrated circuit , 
tially prevents or minimizes electro - magnetic radiation and shielding said RF signal path through said multiple 
emissions from leaving said container while allowing encap- layers using grounded vias and grounded conductive sur 
sulate to flow around and fully encapsulate said RF com- 50 faces surrounding said RF signal path for multiple pluralities 
ponent in a SIP . of said multiple layers . Additionally , a metallic container 

In other aspects , an RF shield for an RF generating may be placed on said substrate over said RF generating 
component mounted on a substrate for a device is provided . component . Further , the RF output of said RF generating 
In some embodiments , the device is to be encapsulated as component may be located directly above the external RF 
part of its packaging . The shield may comprise , for instance , 55 output for said integrated circuit . 
a metallic container mounted over said RF generating com- Some embodiments provide a method for substantially 
ponent and having openings on the top and at least one side preventing electromagnetic emissions from an RF signal 
to allow liquid encapsulant to flow into said container and path between the RF output of an RF generating component 
fully encapsulate said RF generating component when said mounted on a multiple layer substrate of an integrated circuit 
device is being encapsulated , wherein said openings are 60 and the external RF output of said integrated circuit , by 
partially blocked by a flap spaced from and associated with forming ground traces around the interface of said RF output 
said wall or top of said container to allow encapsulant to of said RF generating component with the interconnection 
enter and fill up the container while substantially reducing pad on the top surface of said substrate , generating an RF 
electro - magnetic radiation from said RF generating compo- signal path from said interconnection pad to multiple inter 
nent from leaving said container . Some embodiments 65 nal connection layers using vias , shielding said RF signal 
include a labyrinth shaped metallic container having one path from said interconnection pad through a plurality of 
side exterior opening to allow liquid encapsulant to flow into said multiple layers to each of said internal connection 

over a 

a 
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layers using grounded vias and grounded conductive sur- FIG . 7 depicts a method of forming a packaged integrated 
faces surrounding said RF signal path for each of multiple circuit according to some embodiments . 
pluralities of said multiple layers , generating an RF signal 
path from a final internal connection layer to external RF DETAILED DESCRIPTION 
output of said integrated circuit using a via , and shielding 
said RF signal path from said final internal connection layer Wireless components in a system may require shielding to 
to said RF output using grounded vias and grounded con prevent stray radiation from the radio frequency ( RF ) gen 
ductive surfaces that are grounded surrounding said RF erating ( e.g. , wireless communications ) components from 
signal path and said external RF output . affecting nearby components or systems . Accordingly , some 
Some embodiments include an integrated circuit having a 10 embodiments of the present disclosure relate to providing 

RF shielding structures for devices , such as wireless devices , multi - layer substrate , and an RF generating component that are suitable for use in encapsulated systems and prod mounted on said substrate , wherein said substrate comprises ucts , such as in SIPs . In some embodiments , the molding an external RF output and means for shielding an RF signal compound or encapsulant material may include a resin or path between said RF generating component and said RF 15 plastic material , thermosetting or thermoplastic resin , as 
output . well as ceramic materials . The molding compound may flow According to some embodiments , an integrated circuit is in liquid form around and through the RF shielding struc provide which has a component located on the top surface of tures of some embodiments , enabling effective molding . In 
a multi - layer substrate and contains a shielded RF transmis certain aspects , the RF shields may employ a metallic 
sion path through the multiple layers of said substrate 20 structure ( or container ) covering the RF generating compo 
between an external signal connector for the circuit and a nent to keep any unintended RF in the structure with the RF 
signal terminal of the component . This may comprise , for generating component , or alternatively a metallic structure 
instance , at least one via for making electrical connection may be placed over a low noise component to shield this 
between a signal connector or an electrically conductive component from external RF radiation . In addition to metal 
trace located on one layer of the multilayer substrate and a 25 lic structures , the shield may be formed of other materials 
signal connector or an electrically conductive trace located capable of blocking RF radiation . In some embodiments , the 
on a different layer of the multilayer substrate , and a wireless components in any system may require shielding to 
plurality of electrically grounded vias surrounding each of prevent stray EMI radiation from the RF generating com 
the at least one via and connected to a plurality of electri ponent from affecting nearby components or systems . 
cally grounded conductive traces surrounding but isolated In particular , structures that enable the effective flow of a 
from each of the electrically conductive traces on each layer molding compound while providing sufficient EMI reduc 
of the multiple layers . In certain aspects , the electrically tion are important as RF devices continue to increase in 

operational frequency . That is , at increased frequencies , grounded conductive traces are located on the same layer as 
each of the electrically conductive traces , and the layer 35 ing compound can be “ large ” in terms of allowing RF even relatively " small ” openings to allow the flow of mold 
above and below the layer containing each of the electrically radiation to enter or exit . By way of example , at 300 GHz , 
conductive traces . a quarter - wavelength is only 0.25 mm . 

These and other features of the present disclosure will A System in Package device ( SIP ) may contain an RF 
become apparent to those skilled in the art from the follow device within it that is prone to emit stray EMI radiations . 
ing detailed description of the disclosure , taken together 40 Such radiations are undesirable as they may interfere with 
with the accompanying drawings . the function of adjacent devices of nearby systems or other 

components in the SIP . Further , the function of the RF 
BRIEF DESCRIPTION OF THE DRAWINGS device or other devices in a SIP may be compromised by RF 

radiation coming from outside of the RF device or the SIP . 
FIGS . 1A - 1C depict structures used for shielding EMI 45 EMI emissions or radiations are strictly controlled by regu 

radiation from an RF device in a SIP according to some lations such as those from the FCC . 
embodiments . FIG . 1A - 1C depict RF or EMI shielding structures 
FIGS . 2A and 2B depict a baffle feature according to some according to some embodiments of the present disclosure . 

embodiments . For instance , FIG . 1A depicts an RF shielding structure 100 
FIGS . 3A - 3C depict processes of manufacturing a struc- 50 with side walls 101 and top wall 102. The RF shielding 

ture used for shielding EMI radiation from an RF device in structure 100 can be used to shield other devices from RF 
a SIP according to some embodiments . radiation , as well as to protect a device from RF radiation 
FIG . 4 depicts a side view of a SIP with an EMI shield due to other devices or external sources . In an embodiment , 

according to some embodiments . the RF structure 100 is in the shape of a rectangular can and 
FIGS . 5A - 5D depict a system according to some embodi- 55 sized to fit over and around an RF generating chip or component , for instance , an RF device contained within an ments . SIP . While the structure is depicted in a rectangular con FIG . 5E depicts a method of connecting the output of an figuration , it may also , for example , but not limited to , be RF device to an external output connector ( e.g. , ball or pin ) round , contain rounded walls , and include more or less than 

of the SIP with surrounding shielding in the substrate 60 four walls , according to some embodiments . Additionally , according to some embodiments . for certain applications , the top 102 may be excluded . In the 
FIGS . 6A and 6B depict a system according to some example of FIG . 1A , the RF shielding structure 100 is 

embodiments . provided with apertures ( e.g. , holes or slots ) to allow mold 
FIG . 6C depicts a method of connecting the output of an ing compound to enter and air to be vented out of the RF 

RF device to an external output connector ( e.g. , ball or pin ) 65 shielding structure 100 . 
of the SIP with surrounding shielding in the substrate According to some embodiments , the apertures are pro 
according to some embodiments . vided as baffle features 124 or 104 in the side walls 101 or 
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top 102 , respectively , which comprise an opening 103 and a 120 is eliminated , it could allow for even better flow of the 
flap 108 made to allow molding compound or encapsulant to mold compound to eliminate encapsulant voids in it , but 
enter the RF shielding structure 100 during encapsulation , could still , protect other circuits from RF generated by an RF 
while minimizing the RF radiation passing through the device . For instance , by blocking radiation in a laterally 
opening . In some aspects , the baffled opening 103 can allow 5 outward direction from the device . 
the mold compound to enter and fill the RF shielding According to some embodiments , the baffle feature 124 , 
structure 100 without forming any voids or air gaps . Accord- with opening 103 and flap 108 , may be formed in different 
ingly , the RF shielding structure 100 can enable effective configurations , for instance , as illustrated in FIGS . 2A and 
molding while reducing the chances of significant radiation 2B . For example , FIG . 2A illustrates baffle feature 124 with 
escaping ( or entering ) through the baffled opening 103 , thus , 10 the flap 108 connected to the opening 103 via a connecting 
preventing potential interference with other devices . In an part 202 configured at an angle smaller than a right angle . In 
embodiment , the baffle features 124 may be positioned on another example , FIG . 2B illustrates feature 124 with the 
the structure such that they are approximately 90 degrees to flap 108 connected to the opening 103 via a connecting part 
the incident radiation for maximum effectiveness in block- 204 configured at a right angle . In an embodiment , the baffle 
ing and / or absorption . 15 features 124 may be formed on either surface of the flat 

In some embodiments , the encapsulating material ( mold- piece of metal 122. Additionally , as shown in these figures , 
ing compound ) is a thermosetting plastic material with the flap portion may extend into , or outward from , the RF 
fillers , such as silica , in it . In this example , when the molding shielding structure . 
compound or encapsulant is heated to a certain temperature FIG . 3A depicts a process 300 of manufacturing the RF 
it melts , attains a very low viscosity for a short period of 20 structure 100 as described in FIG . 1A , according to some 
time , and then it gels and hardens . While it is in liquid form embodiments . In step 310 , the walls of shield 100 are 
it completely fills the package mold cavity . In the case of a formed , for instance , by punching out the shape of the shield 
SIP , the mold compound or encapsulant should not only fill from a metal sheet . The walls may also be formed by cutting 
the mold cavity but also fill around and below the compo- and wrapping metal sheets to form the side walls and top 
nents that have been previously mounted on a SIP substrate . 25 walls of the structure . In step 320 , baffle features , such as 
In some embodiments , all the components may be mounted feature 124 are cut into one or more of the walls . This cutting 
on a SIP substrate such that each of these components have may include , for instance , a punching process . A similar 
sufficient clearance above the SIP substrate for encapsulant process may be used to form the top 120 shown in FIG . 1C . 
to flow between the bottom of the component and the In some embodiments , baffle features are made by creating 
substrate . This allows the encapsulant to flow underneath the 30 one or more cut outs in a flat piece of metal while leaving 
component and all around it to form a void free SIP package . the flap attached to each cut out . This results in the baffled 
In certain aspects , the shielding structures depicted in FIGS . cut outs 124 in the flat piece of metal as described in 
1A - 1C do not interfere with this process . connection with FIG . 1A - 1C . Specifically , the flat piece of 
As illustrated in FIG . 1A , baffle features 104 with flaps are metal can be cut to form a flap . The cut portion can then be 

included on the top 102 of structure 100 to allow the mold 35 pushed away from the flat piece of metal to allow an opening 
compound or encapsulant to flow through it also . The while the flap remains attached . In some embodiments , steps 
features 104 can minimize , or even eliminate , voids in the 310 and 320 may be performed in a single step . For instance , 
mold compound within the RF shielding structure 100. In using a punching mechanism with a non - uniform surface 
certain aspects , the RF shielding structure's material is that not only creates the shape of the shield structure , but 
specifically chosen to minimize the amount of RF radiation 40 also cuts out the baffle feature . 
that is emitted either by absorbing the energy or by con- FIG . 3B depicts another process 330 of manufacturing the 
taining it , such as a metal . Such RF - blocking materials can RF structure 100 as described in FIG . 1B , according to some 
include , for example , not only metals , but other electrically embodiments . In step 340 , one or more baffle features , such 
conductive materials . as feature 124 , may be cut into a sheet of material , such as 
FIG . 1B depicts a structure 110 used for shielding EMI 45 a metal sheet . In step 350 , a strip of material may be cut from 

radiations from a RF device according to some embodi- the portion of the sheet comprising the baffle features . In 
ments . RF shielding structure 110 may be made , for step 360 , the strip may be arranged to form the walls 101 
instance , of metal . In this embodiment , it comprises a illustrated in FIG . 1A . The strip may also be arranged in a 
spiral - shaped sheet of metal 111 that is formed around the spiral - shaped configuration as shown in FIG . 1B . In step 
RF device in a way that totally encompasses the perimeter 50 370 , a top wall portion may be attached . This top wall may 
of the RF device and has an over lapping section 112. That include one or more baffle features as well . 
is , a first portion of a wall overlaps a second portion of the FIG . 3C depicts a process 380 of manufacturing the RF 
wall . The resulting shape forms an RF shielding structure structure 110 as described in FIG . 1B , according to some 
110 with an overlap , which comprises an opening 114 for embodiments . In step 381 , a sheet of metal is wrapped to 
encapsulant to fill in the space 113 between the RF device 55 form a metal structure in a spiral shape configured to 
and the structure 110 . encompass the perimeter of an RF device . The metal struc 

In some embodiments , the spiral - shaped wall 111 of FIG . ture comprises an opening sufficiently large enough for 
1B may also be covered with a flat piece of material 120 , encapsulant to fill in a space between the RF device and the 
such as metal , as shown in FIG . 1C . In this example , top 120 metal structure . In step 382 , a top layer 120 is added . 
may include baffle features 124 in the layer 122 to allow 60 According to some embodiments , the top layer may include 
trapped air to escape and encapsulant to enter and fill up the one or more baffle features . 
space as it displaces the air . The spiral shape allows encap- FIG . 4 depicts a side view of an RF shielding structure in 
sulant to enter but blocks EMI radiation from exiting ( or a molded package 400 , according to some embodiments . In 
entering ) the structure . In some instances , the flat piece 120 , this example , structure 401 has a baffled opening 402 with 
which is used as a lid as shown in FIG . 1C , may not be 65 a flap . For instance , structure 401 may correspond to the 
necessary if only the other circuits or components on the SIP device of FIG . 1A . In this arrangement , the RF radiation is 
substrate are to be protected from RF signals . If the flat piece further reduced . That is , a louvered slot EMI shielding 
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structure 401 which comprises a separate flap 402 at the 502 and four 504 are not depicted in the illustration , it should 
opening or slot , effectively reduces 403 EMI radiation in be noted that each can have metal traces which cover the 
accordance with the teachings of the present disclosure . As area between the ground traces on level three 542 and shield 
shown in FIG . 4 , molding compound 405 fills the gap under the signal trace 526 on the third layer 503 from above and 
shielding structure 401 . 5 below . 

In certain aspects , a shield for an EMI or RF generating FIG . 5D depicts layer six 506 of the PCB . Specifically it 
component is mounted on a substrate for an integrated shows the external connectors for the RF path signal 567 and 
circuit device , where said device is to be encapsulated as grounds 562-566 . In this example , the ground connectors are 
part of its packaging , that includes a metallic container connected by a conductive trace 561 and to the appropriate 
mounted over said EMI or RF generating component and 10 other levels by vias described in FIGS . 5B and / or 5C . 
having openings on the top and at least one side to allow Thus some embodiments provide a method for protecting 
liquid encapsulant to flow into said container and fully components mounted on a multilayer substrate of an inte 
encapsulate said EMI or RF generating component when grated circuit from electromagnetic interference from an RF 
said device is being encapsulated , wherein said openings generating component mounted on said substrate , by creat 
allow encapsulant to enter and fill up said container while 15 ing an RF signal path from said RF generating component 
substantially reducing electro - magnetic radiation from said that passes through said multiple layers of said substrate to 
EMI or RF generating component from leaving said con- an external RF output for said integrated circuit , and shield 
tainer . ing said RF signal path through said multiple layers using 

FIGS . 5A - D depict an arrangement for reducing grounded vias and grounded conductive surfaces surround 
unwanted RF energy while the output RF from the wireless 20 ing said RF signal path for multiple pluralities of said 
transmitter is conducted to the output of the system of which multiple layers . Additionally , a metallic container may be 
it is a part . FIG . 5A is a side view of a portion of a section placed on said substrate over said RF generating component . 
of a system 500. In this example , the system 500 comprises Further , the RF output of said RF generating component may 
a six layer PCB with layers 501-506 , a RF transmitting be located directly above the external RF output for said 
device 510 , signal traces 518 , 511 , 522 , 524 , 514 , 526 and 25 integrated circuit . 
external connections such as 507 , 508 , 509. While illustrated And other embodiments provide an integrated circuit 
with six layers , in some instances , more or less layers may having a component located on the top surface of a multi 
be used . As also shown in FIG . 5B , in this example , there is layer substrate and containing a shielded signal or RF 
a component generating an RF signal 510. The RF signal is transmission path through the multiple layers of said sub 
connected from the RF generator 510 through one of its 30 strate between an external signal connector for said circuit 
external connections 511 to the external connection 508 of and a signal terminal of said component , having at least one 
the system 500. According to some embodiments , RF gen- via for making an electrical connection between a signal 
erator 510 may further include an RF shield as illustrated in connector or an electrically conductive trace located on one 
FIGS . 1A - 1C . layer of said multilayer substrate and a signal connector or 

To minimize the RF radiation emitted through the PCB , 35 an electrically conductive trace located on a different layer 
the conductive traces 512 , 514 between the source 511 and of said multilayer substrate , and a plurality of electrically 
the system output connector 508 , are shielded by connecting grounded vias surrounding each of said at least one via and 
together a series of grounded conductive traces 522 , 524 , connected to a plurality of electrically grounded conductive 
526. The RF signal path traces are connected from the top traces surrounding but isolated from each of said electrically 
layer 501 of the PCB to the third layer 503 with a via 513 40 conductive traces on each layer of the multiple layers , 
and finally from the third layer to the external connection wherein said electrically grounded conductive traces are 
508 through a via 515. In the same way , the grounded located on the same layer as each of said electrically 
conductive traces which are above , below and on each side conductive traces , and the layer above and below the layer 
of the RF signal path trace 514 are connected from layer one containing each of said electrically conductive traces . This 
501 to layer two 502 and layer three 503 and layer four by 45 shielded path may be used to prevent the signal on the path 
vias 525. Finally the grounded conductive traces are con- from escaping from the path , or may be used to prevent 
nected to the surrounding external ground connections 507 , external signals from outside the path affecting or interfering 
509 by vias 527 , 528 . with the signal on the path . 
FIG . 5B depicts a top view of a portion the system of FIG . FIG . 5E depicts a process 580 for substantially preventing 

5A , illustrating the RF signal path 512 and ground traces 533 50 electromagnetic emissions from an RF signal path between 
for the RF output signal from the appropriate connectors the RF output of an RF generating component mounted on 
such as 511 , 521 of RF transmitting device 510. In this a multiple layer substrate of an integrated circuit and the 
example , the RF signal path begins with the RF output external RF output of the integrated circuit , according to 
connector 511 of the RF generating component 510 and is some embodiments . Process 580 may create , for example , a 
connected to a via 513 using RF conductive signal trace 512. 55 system as illustrated in FIGS . 5A - D . 
The associated ground connectors 521 are electrically con- According to some embodiments , process 580 may begin 
nected with a conductive trace 533 to each other and to a with step 582 , by forming ground traces around the interface 
grounded via 523. The RF signal path and ground are of the RF output of the RF generating component with the 
connected to the appropriate layers using the vias 513 and interconnection pad on the top surface of the substrate . This 
523 , respectively . 60 may be followed by step 584 , creating an RF signal path 
FIG . 5C depicts a portion of the system in FIG . 5A in a from the interconnection pad through multiple internal con 

top view of the appropriate conductive traces on level three nection layers using vias . Accordingly , the RF signal path is 
503 of the PCB . In this example , the RF signal trace 526 is shielded starting from the interconnection pad through a 
electrically connected to two vias : ( 1 ) from layer one 513 ; plurality of the multiple layers to each of the internal 
and ( 2 ) to layer six 515. The ground traces have multiple 65 connection layers . Grounded vias and grounded conductive 
traces : ( 1 ) from layer one 523 ; ( 2 ) to layer six 527 and 528 ; surfaces are used to surround and shield the RF signal path 
and ( 3 ) to layers two and layer four 525. Although layers two for each of multiple pluralities of the multiple layers . In step 
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586 , an RF signal path is created from a final internal presented by way of example only , and not limitation . Thus , 
connection layer to external RF output of the integrated the breadth and scope of the present disclosure should not be 
circuit using a via . Accordingly , the RF signal path is limited by any of the above - described exemplary embodi 
shielded starting from the final internal connection layer to ments . Moreover , any combination of the above - described 
the RF output . Grounded vias and grounded conductive 5 elements in all possible variations thereof is encompassed by 
surfaces are used to surround and shield the RF signal path the disclosure unless otherwise indicated herein or otherwise 
and the external RF output . clearly contradicted by context . FIGS . 6A and 6B depict an arrangement for reducing the Additionally , while the processes described above and unwanted RF energy when the output RF from the wireless illustrated in the drawings are shown as a sequence of steps , 
transmitter is conducted to the RF output of the SIP of which 10 this was done solely for the sake of illustration . Accordingly , it is a part , in accordance with some embodiments . it is contemplated that some steps may be added , some steps For instance , FIG . 6A depicts a section of a system 600 may be omitted , the order of the steps may be re - arranged , having a six layer PCB 601 , external connectors such as 608 , 
and an RF generating device 603 with connectors such as and some steps may be performed in parallel . 
604. In some embodiments , it may be encapsulated with 15 
material 602 depending on its application . In this example , What is claimed is : 
the connection between the RF output connector 604 on the 1. A packaged System in Package ( SiP ) device , compris 
RF generating device 603 is directly above and connected to ing : 
the system output connector 608 using a via 605 through all a multi - layer substrate comprising a top surface and a 
of the layers 601. Surrounding the RF signal via 605 are 20 bottom surface ; 
several ground vias 607 and others , for instance as described a plurality of components mounted on said top surface of 
with respect to FIGS . 5A - 5D . These vias further isolate the said substrate ; 
RF output from the rest of the circuits on the PCB . On each a radiation - generating component mounted on said top 
layer of the PCB 601 are conductive rings 624 around the RF surface of said substrate , wherein said radiation - gen 
signal via 605 and a larger ring 622 around it connecting all 25 erating component comprises an output ; 
of the ground vias 607 and others . In certain aspects , this a signal path that passes through said substrate between 
arrangement minimizes the length the RF signal must go said output of said radiation - generating component and 
between the source and output of the system . Surrounding an output connector for external connection on said 
the RF ball 608 there may also be a ring of balls grounded , bottom surface of said substrate ; and 
for instance , as discussed with respect to FIGS . 5A - 5D . 30 means for shielding said signal path within said substrate , 
According to certain aspects , when additional traces cannot wherein said top surface of said multi - layer substrate , said 
be avoided they are included with a direct path to a through plurality of components , and said radiation - generating 
via and in a manner to avoid bends and kinks . component are all encapsulated within the packaged 
FIG . 6B depicts a portion of system 600 from FIG . 6A in Sip , 

a top view 620 of the layers of the PCB 601. In this example , 35 wherein said signal path comprises a first vertical via 
only the vias 605 , 607 used in the layout 622 , and their traces passing through at least a first layer of said multi - layer 
on each layer 624 and 609 , are depicted . According to some substrate and a second vertical via passing through at 
embodiments , the grounding ring 609 isolates the RF signal least a second layer of said multi - layer substrate , and 
via 605 from the rest of the signal traces on each of the layers wherein said first and second vertical vias are offset from 
of the PCB 601. Finally the addition of grounding balls , like 40 each other and interconnected by at least one signal 
562 , 563 , 564 , 565 and the metal trace 561 connecting the trace within said multi - layer substrate . 
grounding balls in a similar manner to that shown in FIG . 2. The System in Package ( SiP ) device of claim 1 , 
5D , further isolates the RF signal from the remainder of the wherein at least one of said plurality of components and said 
system . radiation - generating component are operatively intercon 
FIG . 6C depicts a process 650 of one embodiment of the 45 nected using vias and conductive traces located on indi 

present disclosure for protecting components mounted on a vidual layers of said multi - layer substrate . 
multilayer substrate of an integrated circuit from electro- 3. The System in Package ( SiP ) device of claim 1 , 
magnetic interference from an RF generating component wherein said signal path is comprised of an interface of an 
mounted on the substrate , as illustrated in FIGS . 6A and 6B . output of said radiation - generating component with a 
The process 650 may begin in step 652 , by creating an RF 50 signal interconnection pad on said top surface of said 
signal path from the output of said RF generating component substrate and having ground traces formed around said 
located above an external RF output that passes through the interface and spaced apart from said interface , and a 
multiple layers of the substrate to the external RF output for plurality of vias interconnected with said signal inter 
said integrated circuit . In step 654 , the RF component 603 is connection pad and each interconnected using conduc 
operated and the RF signal path through said multiple layers 55 tive traces on each layer of said multi - layer substrate 
is shielded using grounded vias and grounded conductive and interconnected with said output connector for 
surfaces surrounding said RF signal path for multiple plu- external connection , and 
ralities of said multiple layers . wherein said means for shielding comprises grounded 
FIG . 7 depicts a process 700 for manufacturing a molded vias interconnected with grounded conductive traces 

integrated circuit . This may be , for instance , a SIP device . In 60 surrounding and spaced apart from said signal path 
step 710 , an RF shield , such as a shield depicted in FIGS . vias . 
1A - 1C , is placed over an RF component of an integrated 4. The System in Package ( SiP ) device of claim 1 , 
circuit . In step 720 , a molding operation is performed on the wherein said multi - layer substrate comprises four or more 
integrated circuit such that molding compound flows into the layers . 
RF shield . 5. The System in Package ( SiP ) device of claim 1 , 

While various embodiments of the present disclosure are wherein said multi - layer substrate comprises six or more 
described herein , it should be understood that they have been layers . 
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6. The System in Package ( SiP ) of claim 1 , wherein said 9. The System in Package ( SiP ) device of claim 8 , 
output connector for external connection on said bottom wherein said RF shield comprises grounded vias and 
surface of said substrate comprises one or more of a ball or grounded conductive surfaces surrounding said RF 
pin . signal path for each layer of said multi - layer substrate . 

7. The System in Package ( SiP ) of claim 1 , further 5 10. The System in Package ( SiP ) device of claim 8 , 
comprising wherein said RF component is mounted on an upper surface 

of said substrate and said RF output is located on a lower 
means for shielding said plurality of components mounted surface of said substrate . 
on said top surface of said substrate from radiation 11. The System in Package ( SiP ) device of claim 8 , further 
from said radiation - generating component . comprising a plurality of components , wherein said plurality 

8. A packaged System in Package ( SiP ) device , compris of components and said RF component are operatively 
interconnected using vias and conductive traces located on ing : 
individual layers of said multi - layer substrate . a substrate comprising multiple layers ; and 12. The System in Package ( SiP ) device of claim 8 , 

at least one radio frequency ( RF ) component mounted on further comprising : 
said substrate , a metallic container located over said RF component . 

13. The System in Package ( SIP ) device of claim 8 , wherein said substrate comprises an RF output for exter wherein said substrate comprises four or more layers . nal connection and an RF shield within said substrate , 14. The System in Package ( SiP ) device of claim 8 , 
wherein said RF shield surrounds an RF signal path wherein said substrate comprises six or more layers . 

between said RF component and said RF output , and 20 15. The System in Package ( SiP ) device of claim 8 , 
wherein a top surface of said multi - layer substrate and wherein said RF component is a wireless transmitter . 

said radiation - generating component are encapsulated 16. The System in Package ( SiP ) of claim 8 , wherein said 
within the packaged Sip , RF output for external connection comprises one or more of 

a ball or pin . 
wherein said RF signal path comprises a first vertical via 17. The System in Package ( SiP ) of claim 12 , wherein the 

and a second vertical via , and metallic container is configured to shield a plurality of 
wherein said first and second vertical vias are offset from components mounted on the top surface of said multi - layer 

each other and interconnected by at least one signal substrate from RF signals from said RF component . 
trace within said substrate . 
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